Autapses -synapses made by a neuron onto itself -have often been observed anatomically in vivo, but their purpose has remained uncertain. A recent paper describes functional autapses in the cerebral cortex and gives clues to their physiological role.
In a complex, evolved biological structure like the brain it is perhaps not surprising to find that the wiring is not as perfect as in an engineered device like a computer. Normally we think of the brain as an assembly of discrete neurons connected in a daisy-chain manner via synapses; but it is also common to find untidy, perhaps inadvertent, types of connections that might be called 'short circuits'. One class of these involves the spillover of neurotransmitter from the synaptic cleft onto surrounding cells [1] . Another involves specialized synapse-like structures that, surprisingly, form between the axon of a neuron and its own soma or dendrites -'autapses', not to be confused with sites of self-excitation or self-inhibition that lack synaptic specializations [2, 3] . In accordance with this view of them as aberrant structures, autapses have so far seemed like curiosities, of unknown practical utility. A new paper [4] invites us to revise this view, by showing that autapses in the neocortex may have a physiological purpose after all.
Anatomically, autapses are not uncommon in the brain. They have been observed in a variety of brain regions, including the striatum, substantia nigra, hippocampus, and neocortex [5] [6] [7] [8] [9] [10] [11] . The puzzle has been that they seem to be functionally invisible. Autaptic inhibitory currents have been recorded in stellate and basket cells in the cerebellum [12] , but the currents are weak and their role unclear. Others have tried, without success, to record autaptic excitatory potentials in neocortical layer 5 pyramidal neurons, where morphological autapses are present [10] . These results suggested that the number of autapses per neuron was simply too small (at least in vivo; they are plentiful in cultures [13] ). The suspicion thus arose that autapses in vivo may just be a wiring error.
Then, in 1997, Tamás Could a regular synapse masquerade as an autapse in this experiment, perhaps through the disynaptic activation of an intermediary? This seems unlikely, both because of the short latency of the observed current, and because it would require that the (inhibitory) basket cell somehow excite another interneuron to release GABA back onto the first. Furthermore, Bacci et al. [4] provided another elegant piece of evidence that these were truly autaptic currents. They included in their electrodes the calcium chelator BAPTA, which is known to block synaptic transmission at a presynaptic intracellular site. They found that internal BAPTA blocked their putative autaptic responses, indicating that the postsynaptic cell is presynaptic to itself.
All of these experiments were done with standard whole-cell patch clamping, in which the recorded cell is filled with the electrode solution. In their case, the solution contained an unphysiologically high concentration of chloride in order to exaggerate the size of GABAergic autaptic currents and make them easier to see. What do these autapses look like under more physiological conditions? To address this, Bacci et al.
[4] turned to gramicidin-perforated whole-cell recording, which preserves the normal intracellular chloride concentration of the cell and so the normal amount of inhibition. Interestingly, under these conditions they did not report seeing a hyperpolarizing inhibitory postsynaptic potential (IPSP) following the autaptic stimulus, implying that the resting potential of their cells is close to the IPSP reversal potential.
Although autaptic stimulation did not produce an obvious change in membrane potential, it still affected the excitability of the cell. Excitability was probed by applying two brief depolarizing current steps in quick succession, and measuring the likelihood of eliciting an action potential on the second step ( Figure 1A) . It was found that this likelihood increased after a GABA antagonist was applied to block the autapses, suggesting that autapses normally provide feedback inhibition onto the cell, suppressing the second of two closely spaced spikes. The mechanism likely involves the well-known phenomenon of shunting inhibition, whereby an increase in membrane conductance can short-circuit the membrane and alter excitability without visible alterations in membrane potential.
Bacci et al.
[4] also showed that this autaptic feedback inhibition affected repetitive firing of the interneuron. When inhibition was intact, the time between successive spikes was increased, but only for the first few spikes in a train. Beyond this, the autaptic inhibition underwent paired-pulse depression and had no further effect on spike timing ( Figure 1B) .
Both of these assays of autaptic inhibition revealed effects that were rather subtle, but they provide the first evidence that autapses in vivo might have functional consequences. Bacci et al. 
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Finally, it is becoming evident that interneurons are not mere providers of inhibition, but have much more complex roles in generating rhythmic activity in the brain [15] . To accomplish this, they are already known to have an interesting repertoire of synaptic conductances and gap junctions. Autapses may prove to be another significant member of this repertoire, contributing to the emergence of higher brain functions. 
